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compared with liposomes in terms of lipid cost and stability [1, 2] . Non-ionic surfactants are 46 the basic components of NISV. These surfactants are amphiphilic molecules with both a 47 hydrophilic (water soluble) head and hydrophobic (organic soluble) tail with no charged 48 groups in their hydrophilic heads [3] . The bilayer structure of the NISV makes them capable 49 of encapsulating both hydrophilic and hydrophobic substances. Hydrophilic substances are 50 thought to be encapsulated in their aqueous core or adsorbed on the bilayer surface, while 51 hydrophobic substances are embedded into the lipophilic domain of the bilayer [3] .
52
Surfactants commonly used to prepare NISV include polyoxyethylene fatty acid esters 53 (Tweens), sorbitan fatty acid esters (Spans), alkyl ethers, and alkyl glyceryl ethers (Brijs)
54
[4]. The most common additive in a NISV formulation is cholesterol, which affects the 55 membrane structure and the physical properties of the vesicles [5] and its most 56 important effect is the modulation of the mechanical strength of the bilayer structure and 57 water permeability [6, 7] . Moreover, cholesterol incorporation tends to enhance drug 58 entrapment efficiency, vesicle stability, and can modulate drug release in the NISV 59 formulations [8, 9] . Other additives include charged molecules to enhance the stability of to deliver drugs to specific target sites, to control drug release and enhance permeation.
66
They have been investigated as a potential drug delivery system for anticancer [10, 11], 67 anti-inflammatory and anti-infective drugs [12, 13] , peptides [14, 15] , transdermal drug 68 delivery [16, 17] and gene delivery [18] . has been shown to produce small sized nanoparticles for drug encapsulation [24] . In this 89 method, the surfactants and other additives dissolved in an organic phase, are mixed with an 90 aqueous phase at high flow rates and passed through a precisely defined microchannel at a 91 temperature above the phase transition of the lipids. Factors such as flow rate ratios (FRR) 92 between the aqueous and organic phases and the total flow rates (TFR) of both phases can be controlled during the mixing process to prepare homogeneous small particles in a single step 94 [25, 26] . the microfluidic micromixer at a total flow rate of 12 mL/minute (9 mL/minute for the aqueous phase and 3 mL/minute for the lipid phase) at 50ºC. The mixed materials, upon leaving the 143 micromixer outlet, was diluted into an equal volume of the aqueous media used in the 144 preparation in order to reduce the ethanol content in the final preparation to 12.5%. The NISV 145 mixture was then dialysed overnight against 1000 volumes of aqueous media used in the vesicle 146 preparation using SnakeSkin™ Dialysis Tubing (10,000 Da molecular weight cut off;
147
Thermofisher Scientific, UK) at 25°C. 
Effect of hydration buffer on the particles size and PDI

222
Changing the hydration media altered the size of the NISV significantly (Figure 1 ). The 223 smallest particles were formed using Tris, followed by DW and HEPES with particle sizes of of PDI for particles prepared with DW that was significantly different than the others (p < 230 0.05). This difference in the particle sizes could be attributed to the ion components of each 231 media. NS and PBS showed similar sizes, while DW, HEPES and Tris were grouped together.
232
The similarity between PBS and NS could be attributed to the NaCl ions, which are the major characteristics. For NISV prepared with DW, the particle size showed a slight decrease in the 275 first two weeks and then remained stable throughout the study when stored at 4, 25, and 37 °C 276 with no significant change in the particle size (p >0.05). However, for the particles stored at 277 50°C, there was a significant (p < 0.05) increase in the particle size during the study, which 278 increased from 71.8 ± 0.4 nm at time zero to 101.1 ± 0.4 nm at the end of the study. NISV results of the formed particles showed that the type of the hydration media used to prepare the 294 NISV might have an effect on particle stability. This effect has been shown to be more obvious input, attributing this effect to the change in the crystalline structure on the particles' 302 components or zeta potential which might affect the particle size during storage [45, 46] . 
SEM imaging of NISV
327
The morphology of the NISV was analysed by scanning electron microscopy ( Figure 4) . NISV 328 were shown to have an almost spherical shape as seen in some of the images and apparent 329 smooth surface regardless of the media used in their preparation. The SEM images confirmed 330 the differences in the sizes between the particles (Figure 4) . Figure 4E showed some non-331 spherical large aggregates as a result of the high concentration of the particles being examined. The total Chol content in the NISV formulations was measured using HPLC. Figure 5 between the NISV components and the different ions that form each hydration media. 
Cytotoxicity studies 407
Finally, we studied the formulations on the viability of two cancer cell lines (A375, A2780)
408
and a normal PNT2 cell line. Figure 8 shows the cytotoxicity of the formulations on the cells 409 and each formulation, they were not significant and the EC50 for each formulation was close to the 428 others, taking into consideration that the media alone were not toxic to any of these cell lines. 
Conclusion
453
In this paper, we report for the first time that the aqueous media used to prepare NISV by 454 microfluidics had a significant effect on the physiochemical characteristics of the resultant 455 particles. These findings provide strong evidence that the type of the media used to prepare
456
NISV by microfluidics has significant effects on particle size, distribution and surface charge.
457
The type of the media used should be taken into consideration in order to modulate these 458 characteristics of the formed particles. This is an important factor that will also have 
